LATTIOE (3

' and e
CKM MATREX
{on WHAT s lattice gawye Hreory ¢ A SK.
ues \)\/HY showld vou beliwe 1 2 ASK
Ned HDW art ca(u(ocﬁ'ous Aone,l MDP

s WHEN will uhaef‘l‘u'w‘lﬁfS be sub% 1 PBM

A timely weelt 1o give Hhesc lectures:

1487 ACPMAPS  started
\a4] ’ upgraded 500 x 40 HHZ

Moy 1S, 2002 " Accommisfioned




WHAT is QcD ?

A non-atbdian gaugc ‘H«eovy & = SL'((?.)
a @ - =~
d =& }l:( o e +Z‘( 4 (¥ tmy) 4,

A siqna{z‘m Featurc o A s
OLSyMPﬁ > 10“80(0“1:

p 95 A) AR I £ k-
. LA (k9 Mot
T O e
« Rl - | 480 L YT NG

G A



4 : 3
73 48

> - -
,&152' L Acd-ﬁf—

Asympf»ffc_ Preedom means He shof-slistauce
(ov kfa" enevgy ) /Amw‘u oﬂ ALCD is aontellable
b\/ Pel"‘l'ur' ba s MV‘%

The ‘P side s that at [/ ons) d:‘;/ach ’,
?7’ b ecomes Zugo S P-C.f‘hA-" ba«f)'aq -Hn.eor/
Prfol«cﬁ e swa dem/se.

Desirable — pltes He chance thatd—
non-P(,r (turload“i'lf(_ VAR CD can f"‘ws



Only exeqplisnal Circumstances can one
Prw[wi"' SfYong in feracons u)i#wwf‘ nou —peyf'-
urﬁaﬂﬂ MLl-‘HWéb..

(The great success oF perturbative 00D —
jeb oross gecfons that agprec over many
ordivs o m:;u‘/uQ——- USe Hre gperatsr

'prba&ld expansion f. H penermaliee oy
group @J- profin shructre Puneheu fom

) 'rL-OK M—S"( s %H‘ ~)
r

The &welonad ('M-}-egr‘q,l
P

< \ (sddedr o e
Py -
S@AJ’QW’ e

nctal& o noﬂ’P-er'{-urba-ffVC WLeaning .



/Vo‘h'w", Hee ‘P’brnw( S?‘Mf'bﬂ"‘/ b stat meck

—pH
<b } - e—“‘{o"‘!s . — /6
P2 e"‘/‘"v

Mﬁ', S

Ken Wilson (197%) reelized that you could
vaid e el box ot st mech loy /oh,‘f'ﬂ‘hj

He fuarks and g[wms on a latfee.
¢

o S

5

3
f}fﬁ

K 3 = L=Ma

Fo’\ non-gaugc quan hom A&u %r?cs) S
I\S e.onpluLeL/ y?l‘raqut'f' ﬂrwqra( s alzrfvajﬁ‘ws
ove replaced with. L beevence @Pem./)u




-

lo ibfain a gauge iuvaviaut- disords ea Fou
requires  a [-'HL: maty

@{y) — 9@%{*) Ef(:r) =3 {(A-J g"(g)
4l) € SuV) 9= e {2 w2
“Qu«vk& ‘h“mSﬁfﬂ c,uwrr'anl(r*
A= 9() Aug'le) + 4l 59"
A = Fa04

o ﬁ[m’ Nrans frm lhe a conn ecWuu ¥
Dp = HAn

' T e %(ﬂc)'b,_, %(ﬂc)"l

e A i ol 2

LU xeat) - 46 ]

Upla) =P usznal-s A (x+88.)
Unlsc) &= g-(*) C(,.(t) g"’(ﬁ(f-aff.)



-

lo bfatu a gauge r'aMﬂ“lL disertiga Hou
requires o LRl paty.

f0—> gl GO e 5 TR

§ A" wr/2

1}

?(*) & Suln)
’ ‘Z“‘“"‘S trans form f‘.'.ﬂl'#rt'du‘f'(?l .
Af,,[nr)r-—'r c}(&) Af"’ @"(ﬂ:) + 4}(&) O g“(x)
fe = SN trelds
(’C’—'A‘g?:;:ﬂ’ Hi925: )
. ?(ms Nrans rm e kil cconm w&
i ?Zﬂﬂﬂ-s- 135“' on f;‘u“s
e 2T
De & 4lx)D, 4()™
What v He Acsevebe vevsian oF D 2
4 | o) B (xrad - 4|

Upler) =P MPTM A (x+88.)
l/{,,,('k\ o @.(dc) L(f.(k) %'T(xf-aé;,.)



So a sz‘nplc. Laymusfaér 'S
| 4V K+pAv

o

dop &t

Lwy = - mFY +Z & FDEY fuaks fed
nz s U DT 4 diguaks bk

D) = £ [ Upls) Ularad) -260)]

Dp ) = A [ ) - U (x-a8) - |

Qo) Uy U ek 483U, larad, g ) —1

T+ (5 a w,(ocﬁve(y easy exeerelle P shew
Hat dw - R’Pca..cr) e ks bR
bove Ccouplingg 9} , Mo B xeo .

Actually workt a —o with penormelized
couplings f\'ﬁfﬂ’(} fbr a guantum &Ll Hgpry,




Mothemabical physicish  believe Hat  ltfice
gauge theovy (s o rtgeraus de fuchon of- @D,
Trace out gequence of Ilaffces Wwith a—o0
ond mass pates held txed .

“Delieve® means a proof 3 lacking, [Fr 2D

it Is vevy P/&u:t‘bfc_) awr"tj * a..symﬁﬁ"c_ Preedam.

Latbce qauge theony can be alfocked with
many  tools

weak coupling expansisy

Shg cadling  excpansio

Morte Carle o fegredom

The last twe ave MH—Fﬁrﬁr&fl'w‘



mv—r; s one gﬁanﬁ caqp(r'uq da.(cué:.ﬁ'b‘f *ﬂwﬁ
evevyone ghodd Ynow abot

gleon string

= P EkpS d2.-A )
a
ot I = o= TVRT)
S'f‘p.ﬁc_ Sﬁ‘kr_.
cruak. anﬁqunr&.

Strong c:oupb'ng Meats J‘:_ ﬁ as smalf

(=5




There s one sbany amp[r'ug calpwleBoe Head
evevyone ghodd Ymow abod

qf-wt ﬂ'lk'f'”j
= P ap | d2AR)
a
cede s a o~ TVRD
stuhic stafic
t{&a{t_ auﬁqm\'&.

‘S"“"‘!J ﬁ"“f’u"'_) teats é:_ Q as smal{
G‘auq{ in variauce gd‘k =
(du k=0

so need (L e:m.a((,(,""j d&agd-.o

&Y
e-—TVLR;r) = G}-';S

% R Lngl-

onea lawo

on ’&'m}u] Pdw 60(



ﬂ.& Pmbfu« w/‘ﬂn J"hnj couf;fhj [s W,,{. ‘3
Hee app:sff@ fﬁrom the  conbnwwm L ses -

A —do = _1"! = —!*h —_— D

27 Lo, L o D

So it (s net quan hh Pive.

WtW%té&JSJ r"l“ (s autdz-:‘uﬂ ‘f“'«j‘ caulllng_m..qf
éutch/s S2 m:‘(f.
BY e Lo ay, num eviceal cnlcué,ﬁ"m o lavye

Wilsou loops show e amﬁmj Pmlu?s'h(

5ar'.ff|f¢5 @S g.f' /S mo& 5Ma//-a.w and

gmeller.



Fov .?udn?”'}‘aﬁw_. caleplatyss of hadvouce
matrey Qlemends, shonsy coupling 13 rol- good
euougl, The trol st ohorce has become
numericol inteqrabon. of  dhe  Auwchaed

kegal, by o Monke Carl petiod (HDP onlioh).

Thrs metlod has toaken a lomg Bue h mebuc,
because — like ary numeried declucoue— there
are uncertrintres associaded weth approximatisg,
choices | et

77\-2351"*'5}3 Were Ml" rn{'l’-cd( on evror bars — jn
auulﬁ'ih B sa/yfnj ‘H\l—é’é‘lt‘fcq/ + Com pu’i‘x.h-w(
prob leses J‘ e have had b deal witt 3.



WHERE Ao He erras Come fom ?

QLD 13 pt a one scale pnbz(.ﬂ'l) ot  least

wku You ave '{V}’”‘j 7"» s;(uc real pyaélem

My, <L A <4< Mg

774- KD ,Sc*alt- /LM can be any‘?"ﬁeu_j ﬂ.m.

Mg 2 260 MV | M, =FFoMeV  wph

My
Mg

= 2.5 GV

qufu“ ?W&-J have wuch 5#&4[4:«' M sses

My @ (60 MV ﬁ=4_("«f‘ﬂn\ > 2"‘2—‘

Heavy qu-.s have large magses

MLQLSG‘LU Hh‘-'-"(éw



Numeviced ccledadfas mnduce - fwo mone
Scalés) ah a[tlraw‘aécd!' ,{;uf)idyo- (‘E and
an fﬂﬂ‘ﬁﬂl( (et P (L =JV54=..'\ %

Idgﬂj[(
L oce my 4¢ A cam, << a~

bt C.ﬂrtpul-ar résources limit Mg =L/a d- % 32

memovry o N;, =({—/¢§?

Aauye (i - g

2=/ o 2

quark CPu = (mya)”?
p= (—3

Pav‘f‘ o the Pm&-’-ewl [es o He dc{ﬁart“‘f[ﬁﬂ‘{,
EpoL e BB S oa W b MG

we [ive o H-d 5paa¢f“~¢



C',ousrewcﬂf . The coutpa“'w has e Ar‘ﬂmer

~(
[ ¢ my g N ¢emg ot

Te task 3 B 0t fom mumerica] Auh
compeded  heve B He peal ol

Fbr?"uw}o[ﬁ in each cusc toe have ay
elLec Nve A et ‘Hu_a.«/
hich contols He exPrapolahoq



$a[eas (1IN0

uoipey

(1]
*

o e g o
Lh Lo N =
T T T I e | P — [ T 1
@
(]

EEEEEE!

W

()

T P F F F S
L0970 0 0T8T
D o e
SEEET S
B
o, a |
PR
]
B0
o oo oo
D e e
S ]
B
o ]
et
ol i ol e i

$a[R3s DN

¥
v

L
w

w
v

—
¥
Hﬂ

4




